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GENERAL INTRODUCTION 
Sagebrush (Artemisia spp.) rangeland in the western 
United States is a major resource for livestock grazing and 
wildlife habitat. Many methods have been used to remove 
sagebrush from large tracts of range and promote herbaceous 
plant species more palatable to livestock. Prescribed 
burning is among the more popular sagebrush control tools 
because of its effectiveness and low cost, and because fire 
has occurred naturally in the sagebrush ecosystem. Not 
surprisingly, considerable scientific effort has been aimed 
at understanding the effects of fire on vegetation in 
sagebrush communities (Wright and Bailey 1982, Sanders and 
Durham 1985). Yet the responses of animals in sagebrush to 
fire are relatively little known. 
Recently, some insight has been acquired into the 
effects of fire on nongame birds in sagebrush communities 
(McGee 1976, Rotenberry and Wiens 1978, Castrale 1982, 
Tiagwad et al. 1982). However, these four studies were 
conducted in widely separated areas of the sagebrush system 
and documented somewhat different results. Moreover, each 
had deficiencies which limited the utility of its findings. 
Thus, there existed a clear need for further research. The 
first section of my dissertation addresses that need by 
reporting the effects of a prescribed fire on nongame birds 
in an Idaho sagebrush community. I investigated not only the 
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impact ot fire on avian community composition and population 
densities, but also that on important aspects ot the dominant 
species' breeding biology. Moreover, by replicating 
treatments and by sampling before and after fire for several 
years, I overcame some of the deficiencies evident in 
previous work. 
yuite apart from applied research in the sagebrush 
ecosystem are basic and theoretical ecological questions 
concerning the organisms there. Fundamental aspects of the 
breeding biology ot passerine birds have received much recent 
study (e.g.. Rich 1980, 1981; Reynolds 1981; Petersen and 
Best 1985a,b, in press; Petersen et al., in press) and avian 
community organization has been extensively investigated 
(e.g., Rotenberry and Wiens 1980a,b; Wiens and Rotenberry 
1980, 1981). 
Section II of my dissertation originated from my 
interests in territoriality and habitat selection as 
behavioral mechanisms in ecology. Territorial behavior is 
common throughout the animal kingdom (e.g.. Brown and Orians 
1970, Fitzpatrick and Wellington 1983), and many studies have 
shown that territory size and habitat selection at the 
territory level are related to fitness. However, many 
animals establishing territories for the first time seem to 
be restricted by other individuals to sites of inferior 
quality. One might expect, then, that territory holders 
3 
would attempt to improve on an initial choice if it was 
restricted to a poor site. This hypothesis has been set 
forth previously (e.g., Bartels 1984, Bedard and LaPointe 
1984) but has received very little empirical investigation. 
I sought to test the hypothesis by using the sage sparrow 
(Amphispiza belli), an abundant, strongly territorial 
sagebrush passerine, as the study organism. 
Explanation of dissertation format 
The two sections of my dissertation were prepared 
separately for submission to professional journals. Louis B. 
Best will be a junior author of both papers. 
4 
SECTION I. EFFECTS OF PRESCRIBED BURNING ON NONGAME BIRDS 
IN A SAGEBRUSH COMMUNITY 
5 
ABSTRACT 
I documented the responses ot nongame birds to a 
prescribed fire in a sagebrush (Artemisia spp.) community in 
southeastern Idaho (2 years preburn and 4 years postburn). 
The fire produced a mosaic of burned (45%) and unburned 
habitat patches and significantly altered major components of 
the vegetation. After the fire, experimental (burned) study 
plots consistently supported 1 more species than control 
plots. Total bird densities declined moderately the year 
after fire, but by the fourth postburn season, total 
densities on experimental plots were greater than those on 
controls. Sage sparrows (Amphispiza belli) and Brewer's 
sparrows (Spizella breweri) dominated the bird assemblages 
associated with both treatments. Sage sparrow population 
densities were unaffected by fire; Brewer's sparrow numbers 
declined in the 2 breeding seasons immediately after fire but 
increased dramatically thereafter. Sage thrashers 
(Oreoscoptes montanus) showed no response to fire, and 
western meadowlarks (Sturnella neqlecta) increased slightly. 
Horned larks (Eremophila alpestris) and vesper sparrows 
(Pooecetes gramineus) colonized burned areas. Return rate of 
male sage sparrows was somewhat reduced 2 years after fire, 
nest survival probability was significantly greater on the 
burned plots than on controls the first year after fire, and 
nestling growth rates increased the first year postburn. 
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Sage sparrow mating success, clutch size, and tledgling 
production were not influenced by fire. Brewer's sparrow 
return rate, mating success, clutch size, nest survival 
probability, tledgling production, and nestling growth were 
unaffected by fire. Burning altered nest-site 
characteristics of both sparrows, and the changes generally 
paralleled those that occurred in habitat characteristics on 
the study area in general. Moderate, incomplete burns are 
not detrimental to nongame bird populations nor to important 
components of sage and Brewer's sparrow breeding biology. 
For nongame bird management, I recommend mosaic-pattern, 
narrow-strip, or small-block burns and long-term monitoring 
of controls as well as treated sites. 
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INTRODUCTION 
The nearly 40 million ha of the western U. S. covered by 
sagebrush rangeland (Wright and Bailey 1982) represent a 
major resource in terms of livestock production and wildlife 
habitat. Because sagebrush is not a preferred forage for 
most livestock, various methods have been used to eradicate 
it and promote more palatable herbaceous species. The use of 
fire as a sagebrush control technique has gained popularity 
because it is effective and inexpensive relative to 
mechanical treatments (Frandsen 1984) and is environmentally 
more acceptable than herbicide applications. Moreover, fire 
is appealing because, historically, it has been a natural 
element in the sagebrush ecosystem. 
Despite the growing use of fire and rapidly increasing 
knowledge of its effects on vegetation, relatively little is 
known of fire's influence on wildlife in sagebrush. The only 
available information on nongame birds comes from the studies 
of McGee (1976), Rotenberry and Wiens (1978), Castrale 
(1982), and Tiagwad et al. (1982). In McGee's study, total 
bird density decreased but species diversity increased after 
fire. Rotenberry and Wiens found little change in diversity 
or total density after a wildfire but strong shifts in 
relative abundances of individual bird species. Castrale 
reported only a slight difference in total density between a 
4-year-old burned and a 17-year-old plowed site, but 
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diversity was greater on the burn. Finally, Tiagwad et al. 
documented both low (after a wildfire) and high (after a 
prescribed burn) total densities and species richness on 
burned areas in comparison with unburned habitat. These four 
studies were conducted in Wyoming, Washington, Utah, and 
California, respectively. Results varied among them likely 
because preburn habitat characteristics differed and because 
fire behaves differently (with respect to completeness and 
pattern of burn) in different areas depending upon weather 
conditions, fuel characteristics, and season of burn (e.g.. 
Brown 1982, Wright 1984). Further, the 4 localities 
supported different assemblages of bird species. Thus, 
management decisions made for one area may be inappropriate 
tor another (Rotenberry and Wiens 1978). Clearly, 
information is needed from many burn sites. 
Most studies of the effects of fire on birds 
(including those mentioned) have emphasized changes in 
population densities and species diversity. Only 
occasionally have specific aspects of the breeding ecology of 
the species involved been addressed. For example, Renwald 
(1977) and Wright (1981) documented fire-induced shifts in 
nest-site selection in lark sparrows (Chondestes qrammacus) 
and lapland longspurs (Calcarius lapponicus), respectively; 
Best (1979) discussed the potential impact of fire on several 
facets of field sparrow (Spizella pusilla) breeding ecology; 
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and Winter (1984) studied sage and Brewer's sparrow toraging 
ecology in response to fire. Although resource managers' 
ultimate concerns may be population densities and the species 
composition of the community, various life history attributes 
of the birds also may be affected by fire. Because habitat 
quality cannot necessarily be inferred from population 
density (Van Home 1983), it is important to document the 
effects of fire on these attributes. Negative impacts on 
some attributes (e.g., reproductive success, growth) may 
indicate stress in populations that exhibit no short-term 
change in size. Moreover, by documenting life history 
attributes, we may acquire insight into ultimate causation 
for population responses. 
I sought to assess the effect of a prescribed burn on 
nongame birds occupying sagebrush range in southeastern 
Idaho. Specifically, I compared burned and control areas 
with respect to; (1) species composition and population 
densities of nongame birds, and (2) return rates, (3) 
reproductive success, (4) nestling growth, and (5) nest-site 
selection of the dominant species (sage sparrow. Brewer's 
sparrow). Verner (1981) stressed the need for both pre- and 
post-treatment sampling of treated and control sites in 
impact studies, and Wiens and Rotenberry (1985) and Miens et 
al. (1986) emphasized the importance of long-term 
investigation. By establishing controls, replicating 
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treatments, and sampling before and after fire for several 
years, I overcame many of the deficiencies that have plagued 
most previous impact studies, including prior work on avian 
responses to fire in sagebrush. 
STUDY AREA AND METHODS 
The study area was located about 11 km south of Howe, 
Butte Co., Idaho, and lies at an elevation of about 1500 m on 
the upper Snake River plain. Annual precipitation averages 
21 cm, with 40% falling in spring (April-June); mean annual 
temperature is about 5.5^C (Anderson and Holte 1981). Big 
sagebrush (Artemisia tridentata wyominqensis) dominated the 
vegetation; green rabbitbrush (Chrysothamnus visciditlorus) 
also was common. Predominant grasses were bluebunch 
wheatgrass (Elytriqia spicata), Indian rice grass (Qryzopsis 
hymenoides), and bottlebrush squirreltail (Elymus elymoides). 
Forbs were sparse, and much of the ground was bare. In 1980, 
4 6.25-ha plots were established and gridded throughout at 
25-m intervals with steel stakes affixed with colored, 
plastic flagging. Two experimental plots occupied a proposed 
prescribed burn area and were juxtaposed with 2 control plots 
on an area (200 m distant) of similar (preburn) vegetational 
composition. Plots of the same treatment were 200 m apart. 
Experimental plots were burned in October 1981 after 2 years 
of data collection. 
Nongame bird populations were censused in 1980-1985. 
All territories were delineated each year tor sage sparrows 
and in 1980-1983 tor Brewer's sparrows by using the "flush" 
technique (Wiens 1969). Territories of all other species 
(and Brewer's sparrows in 1984-1985) were estimated by using 
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the spot-map method (International Bird Census Committee 
1970) supplemented by occasional flushes ot most males. 
Birds on all plots were censused throughout May and June 
1980-1984, and 10-19 June 1985. In 1980-1984, each plot was 
visited 2-3 times weekly tor 3-4 hours (usually 0600-1000) at 
a time. In 1985, each plot was visited every other day for 
4-5 hours. By the end of each year's census period, I was 
confident that all males present had been counted. I 
determined population densities by enumerating territories 
and tractions of territories lying within plot boundaries. 
Additionally, mating status of male sage and Brewer's 
sparrows was determined by noting nest locations relative to 
territory boundaries and by recording instances in which a 
male was seen in its territory consorting with a conspecific 
or carrying food. Before nest initiation, mated males rarely 
were observed without the mate close by. 
I captured and banded most adult male sage sparrows in 
1981-1984 and as many female sage sparrows and male Brewer's 
sparrows as possible in 1981-1982. Birds were lured into 
mist nets with recordings of conspecific songs or were 
flushed into nets placed near active nests or at other 
locations in the territories. Individuals were affixed with 
unique combinations of colored, plastic leg bands. 
All study plots were searched systematically for nests 
throughout May and June 1980-1984 by using a rope-drag 
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technique (Petersen and Best lybSa) and by thoroughly 
traversing territories of males known or suspected to be 
mated. Some nests were discovered by observing adults 
building them or feeding young, and some were found 
incidental to my other activities. Only sage and Brewer's 
sparrow nests were found in sufficient numbers to accommodate 
analysis. Active nest^s were visited at 1- or 2-day intervals 
to determine outcome, and nesting success was calculated on 
the basis of exposure (Mayfield 1975). During visits after 
hatching, each nestling was weighed to 0.1 g with a Pesola 
scale, and the left tarsus length was measured to 0.01 cm 
with calipers. Logistic curves were fitted to growth data by 
Ricklefs' (1967) graphical procedure. Herein, I express 
growth rate by the constant, K, of the logistic equation, and 
magnitude of growth by measurements taken at age 7 (Brewer's 
sparrow) or 8 (sage sparrow) days. Broods, rather than 
individual nestlings, were used as observational units in the 
analysis because measurements of nestlings within a brood 
were not independent. 
Vegetation characteristics of each plot were estimated 
in June 1980-1985 by using 20x50-cm quadrats (Daubenmire 
1959). Each year, 1-4 samples were taken 2.5 or 5 m from 
each grid marker. Percentage coverage of big sagebrush, 
green rabbitbrush, grasses, forbs, litter, and bare ground 
were recorded, and I measured the height of all big sagebrush 
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plants occurring within quadrats. I averaged the data for 
each grid marker and used a grid marker as an observational 
unit in the analysis. 
Vegetation coverages and sagebrush height also were 
measured in 20x50-cm quadrats placed 2.5 and 5 m from each 
nest in the 4 cardinal directions. Each nest was then 
treated as an observational unit. I also measured the height 
of shrubs supporting or covering nests and the nest heights 
(ground to nest rim) and estimated the foliage density of 
nest shrubs as low (1), medium (2), or high (3). 
T-tests, analyses of variance (followed by multiple 
range tests), chi-square analyses, and Fisher's exact tests 
(when sample sizes were too small for chi-square analysis) 
were used to compare treatments and to detect annual 
variations within treatments. For parametric analyses in 
which underlying assumptions (normality, variance 
homogeneity) were violated, values were log- or arcsine- (for 
percentage data) transformed before tests of significance 
were performed. For nesting success data, I used the 
statistical test developed by Johnson (1979) and Hensler and 
Nichols (1981). All means are reported plus or minus 1 
standard error, and statistical significance was set at 
P<U.U5. 
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RESULTS 
Habitat changes 
The tire burned unevenly, resulting in a mosaic of 
burned and unburned habitat patches (Fig. 1); approximately 
45% of quadrat samples showed evidence of fire (charred 
stumps, grass culms, heat-killed shrubs). Within burned 
patches, nearly all vegetation was consumed entirely by the 
fire. Burned and unburned patches often were separated by a 
narrow (0.5-1 m) strip of heat-killed shrubs with intact 
branching structure but lacking foliage. 
Means of most habitat variables varied significantly 
among years independently of fire (Table 1). Nonetheless, 
several of the habitat changes clearly are attributable to 
fire. Sagebrush coverage and height did not vary 
significantly among years on control plots but both declined 
significantly after fire on experimental plots. Coverage on 
experimental plots was significantly less than that on 
controls each postburn year; height was significantly less in 
1983 and 1984. I observed no re-establishment of sagebrush 
plants in the 4 years postburn. Green rabbitbrush did not 
seem influenced by fire until the third postburn season. 
Coverage on experimentals was significantly less than that on 
controls for the 2 preburn as well as the first 2 postburn 
years. But from 1983 to 1985, coverage increases on 
experimental plots were significant, whereas those on 
Figure 1. Habitat mosaic produced by prescribed burning on 1 
experimental study plot 
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Table 1. Habitat characteristics (xj^SE) on control and 
experimental sites in southeastern Idaho.^ Fire 
occurred between the 1981 and 1982 seasons 
Control 
Variable^ 1980 1981 1982 1983 1984 1985 
Sagebrush 
coverage (%) 
21+1 23+1 23+l*c 24+1* 22+1* 21+2* 
Sagebrush 
height (cm) 
44+1 42+1 40+1 43+1* 42+1* 42+1 
Rabbitbrush 
coverage (%) 
7+1* 
A 
5+0* 
B 
5+0* 
B 
6+1* 
AB 
7+1 
A 
7+1 
A 
Grass 
coverage (%) 
5+1 
A 
7+0 
AB 
8+0* 
BC 
9+1 
D 
11+1* 
D 
9+1* 
CD 
Forb 
coverage (%) 
3+0 
AB 
3+0 
A 
1+0* 
C 
2+0* 
B 
2+0* 
D 
1+0* 
C 
Litter 
coverage (%) 
3+0 
A 
5+0* 
B 
8+0* 
C 
8+0* 
C 
9+0* 
C 
8+1* 
C 
Bare ground (%) 49+1* 54+1* 52+1* 51+1* 48+1* 48+2* 
For each treatment, means in the same row sharing the 
same letter are not significantly different (P^O.05, 
Duncan's multiple range test); absence of letters indicates 
no significant variation. 
'^Sample sizes for sagebrush height ranged from 163-236 
per year on control plots and 105-229 on experimentals; for 
all other variables, N=242 per year per treatment. 
^Treatments differ significantly (P£0.05, t-test). 
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Experimental 
1980 1981 1982 1983 1984 1985 
2U+1 
A 
24+1 
B 
13+1 
C 
12+1 
C 
12+1 
C 
11+1 
C 
47+1 
A 
42+1 
A 
37+1 
B 
39+1 
B 
39+1 
B 
40+2 
B 
4+0 
AB 
4+0 
AB 
3+0 
A 
3+0 
A 
6+1 
B 
8+1 
C 
6+1 
A 
7+0 
AB 
6+0 
A 
8+1 
B 
15+1 
C 
16+1 
C 
3+0 
AB 
3+0 
B 
2+0 
A 
6+1 
C 
6+1 
C 
3+1 
AB 
2+0 
A 
5+0 
B 
6+0 
BC 
5+0 
BC 
7+0 
C 
14+1 
D 
54 + 1 
A 
54+1 
A 
70+1 
B 
65+1 
C 
54+1 
A 
45+2 
D 
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controls were not. 
Grass coverage on experimental plots declined slightly 
in the first postburn year and was significantly less than 
that on controls. But coverage increased strongly 
thereafter, and, despite an increase on controls, was 
significantly greater on experimental plots in 1984-1985. 
Although the pattern of annual variation in forb coverage was 
very similar on the 2 treatments, means were significantly 
greater on experimental plots in every postburn year. 
Similarly, the direction of annual variation in litter 
coverage was similar on the 2 treatments, but means differed 
significantly between treatments in every postburn year. 
Control coverages were significantly greater than those on 
experimentals in 1982-1984, but in 1985, the reverse was 
true. Bare ground increased markedly in the first postburn 
year on experimental plots, then decreased steadily. There 
was no annual variation on controls. Means were 
significantly greater on experimentals in 1982-1984, but by 
1985, with development of herbaceous vegetation and 
rabbitbrush and increased litter deposition, the 2 treatments 
did not differ. 
Avian community changes 
Both treatments supported 4 and 5 nongame bird species 
in 1980 and 1981, respectively. But in each of the 4 
postburn years, species richness on experimental plots (6, 5, 
8, 7) was 1 greater than that on controls. Before prescribed 
burning, total population densities were slightly greater on 
experimental plots than on controls (Table 2); the difference 
was significant in 1980. Fire resulted in a modest (22%) but 
significant first-year decline, and total densities on 
experimental plots in 1982 and 1983 were less (but not 
significantly so) than those on controls. Bird densities 
increased strongly in 1984, especially on experimental plots, 
then decreased in 1985. The mean for experimental plots in 
198b was significantly greater than that for controls. 
Sage sparrows and Brewer's sparrows dominated the avian 
community on both treatments in all years. They constituted 
80-89% of the total density on controls and 87-90% of the 
total on experimental plots before burning. After fire, they 
constituted 65-75% of the experimental total. Sage sparrow 
population densities varied significantly among years on both 
treatments but seemingly were unaffected by fire. There was 
no significant change between 1981 and 1982 on experimental 
plots despite a significant decline on controls. And 
although mean density was consistently less on experimental 
plots than on controls after fire, the difference was 
significant: only in 1984. By contrast. Brewer's sparrow 
numbers were stable on control plots and decreased markedly 
the first year after fire on experimentals. Density remained 
Table 2. Breeding bird population densities (x+SE number 
of territories/km" , N=2) on control and 
experimental sites in southeastern Idaho. Fire 
occurred between the 1981 and 1982 seasons 
Control 
1980 1981 1982 1983 
Sage sparrow 110+2*3 
AB° 
137+4* 
C 
111+6 
AB 
95+6 
BD 
Brewer's sparrow 68+4* 68+4 66+1 58 + 13 
Sage thrasher 20+4 24+0 30+6 20+12 
Western meadowlark 4 + 4 4+4 8+0 12+8 
Horned lark 0 0 0 0 
Common nighthawk 0 4+4 4+4 0 
Vesper sparrow 0 0 0 0 
Black-throated sparrow 0 
A 
0 
A 
0 
A 
0 
A 
Loggerhead shrike 0 0 0 0 
Brown-headed cowbird 0 0 0 0 
Total 202+2* 237+8 220+16 185+11 
^Significantly different (P<0.05, t-test) from 
experimental mean. 
^For each treatment, means in the same row sharing 
the same letter are not significantly different (P^O .05, 
Duncan's multiple range test); absence of letters 
indicates no significant variation. 
"^Present but not enumerated. 
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Experimental 
1984 1985 1980 1981 1982 1983 1984 1985 
126+2* 
AC 
87+6 
D 
120+0 
A 
116+2 
A 
98+16 
A 
71+4 
B 
110+1 
A 
68+2 
B 
92+20 64+0* 92+4 
A 
96+8 
A 
4 6+6 
B 
43+6 
B 
108+4 
AC 
122+2 
C 
14+2 24+0 20+4 24+8 28+4 26+2 26+10 28+0 
8+4 6+2 4+4 
A 
8+0 
A 
12 + 4 
ABC 
18+2 
BC 
20+0 
C 
10+2 
AB 
0* 0 0 
A 
0 
A 
4+4 
A 
16+0 
B 
22+2 
B 
16+0 
B 
4+4 2+2 0 0 4+4 0 4+4 6+2 
0* 0 0 
A 
0 
A 
0 
A 
0 
A 
18+2 
B 
16+4 
B 
3+1 
B 
0 
A 
0 0 0 0 0 0 
U 4+4 0 0 0 0 0 0 
+C 0 0 + 0 0 + 0 
246+19 
A 
187+14* 
B 
236+4 
A 
244+2 
A 
191+2 
B 
174+2 
B 
308+9 
C 
266+8 
D 
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low in 1983, but subsequently increased dramatically. The 
mean value in 1985 was significantly greater than that for 
controls. 
Sage thrasher population densities were remarkably 
stable on both treatments, showing no response to fire. 
Treatments never differed significantly. Western meadowlark 
numbers also were statistically invariant on controls, but 
increased steadily through 1984 on experimental plots before 
declining in 1985. 
Horned larks and vesper sparrows appeared after fire and 
were restricted to experimental plots, although vesper 
sparrows did not colonize the area until 1984. The common 
nighthawk (Chordeiles minor) bred irregularly on both 
treatments, but was present on experimental plots only after 
tire. Control plots harbored 2 unique species, the 
loggerhead shrike (Lanius ludovicianus) and black-throated 
sparrow (Amphispiza bilineata), but each was present in only 
1 year in very low numbers. Brown-headed cowbirds (Molothrus 
ater) occurred in 1981 on experimental plots and in 1984 on 
both treatments. Because they were not territorial, they 
could not be enumerated by the spot-map technique, but their 
densities were very low. 
Breeding biology of sage and Brewer's sparrows 
Return rates During each year of banding, 15-20 male 
sage sparrows, 10-17 female sage sparrows, and 6-12 male 
Brewer's sparrows were captured and marked on each treatment. 
Individuals ot the three groups returned to the study area in 
subsequent years at rates of about 55%, 25%, and 25%, 
respectively (including first-, second-, third-, and fourth-
year returns). 
of the male sage sparrows banded in 1981, immediately 
before fire, 55% and 59% returned to control and experimental 
plots, respectively, in 1982. These rates did not differ 
significantly. In 1983, 72% of 18 males returned to control 
plots, but only 44% of 18 males returned to experimentals; 
the difference between treatments was nearly significant 
(X^=2.86, df=l, P=0.09). Return rates did not differ between 
treatments in any other year nor among years within 
treatments. Moreover, return rates of female sage sparrows 
and male Brewer's sparrows did not differ statistically 
between treatments or among years within treatments. 
Reproductive success I selected 4 variables to gauge 
reproductive success: mating success, clutch size, 
probability of nest survival, and fledglings produced per 
successful nest. On the average, 92% of male sage sparrows 
and 86% of male Brewer's sparrows succeeded in acquiring 
mates. (Both species are monogamous.) Mating success for 
the 2 species did not vary significantly among years within 
either treatment or between treatments in any year. 
Sage sparrow clutch size averaged 3.3+0.1; the mean for 
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Brewer's sparrows was 3.6+0.1. Sage sparrow clutch sizes 
varied significantly among years on both treatments, but in 
nearly identical patterns (Table 3). Further, there was no 
change between 1981 (preburn) and 1982 (postburn). Brewer's 
sparrow clutch sizes did not vary statistically among years 
on either treatment, and neither species exhibited a 
difference between treatments in any year. 
Before the fire, daily survival probabilities for sage 
sparrow nests did not differ significantly between treatments 
or years (Table 4). The year after fire, daily nest survival 
probability declined somewhat on controls but remained 
unchanged on experimental plots and was significantly greater 
on experimental plots than on controls. Over the next 2 
years, survival probability increased, then decreased 
significantly on controls but did not vary statistically on 
experimental plots. The 2 treatments did not differ in 1983 
or 1984. Despite some fluctuations in Brewer's sparrow nest 
survival probabilities, there was no significant variation 
among years on either treatment or between treatments in any 
year. 
The number of sage sparrow young fledging from each 
successful nest averaged 2.6+0.1; the mean for Brewer's 
sparrows was 3.2+0.1. For neither species was there evidence 
that fire influenced fledgling production; means did not vary 
significantly among years or between treatments. 
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Table 3. Sage sparrow clutch sizes (x+SK, N) on 
control and experimental sites in 
southeastern Idaho. Fire occurred between 
the 1981 and 1982 seasons 
Control Experimental 
1980 3.4+0.2 (14) AB® 3.1+0.2 (10) A 
1981 3.3+0.1 (19) AB 3 .4+0 .1 (19) AB 
1982 3.0+0.1 (17) B 3.2+0.1 (16) A 
1983 3.7+0.2 (15) A 3.7+0.2 (12) B 
1984 3.2+0 .1 (9) B 3.1+0.1 (14) A 
Means in the same column sharing the same letter 
are not significantly different (P<^0.05, Duncan's 
multiple range test). 
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Table 4. Daily survival probabilities (+SE) for sage and 
Brewer's sparrow nests on control and experimental 
sites in southeastern Idaho. Fire occurred between 
the 1981 and 1982 seasons 
Sage sparrow Brewer's sparrow 
Control Experimental Control Experimental 
1980 
1981 
1982 
0.9bb+0.017 
(19, 7, 33%)® 
0.939+0.016 
(24, 13, 2%) 
0.983+0.010 
(13, 3, 66%) 
0.966+0.011 
(23, 10, 44%) 
0.904+0.021 0.964+0.012 
(23, 19, 9%) (21, 9, 41%) 
0.975+0.018 
(11, 2, 59%) 
0.946+0.023 
(11, 5, 31%) 
0.974+0.018 
(8, 2, 58%) 
0.992+0.008 
(13, 1, 84%) 
0.972+0.014 
(13, 4, 55%) 
0.929+0.034 
(6, 4, 21%) 
1983 0.994+0.006 
(15, 1, 87%) 
0.980+0.012 
(12, 3, 62%) 
0.990+0.010 1.000+0.110 
(7, 1, 81%) (6, 0, 100%) 
1984 0.931+0.021 0.966+0.013 0.947+0.018 0.955+0.014 
(16, 10, 18%) (19, 7, 44%) (12, 8, 32%) (18, 10, 38%) 
Number of nests sampled, number of nests that failed, and 
estimated nest success (Mayfield 1975) based on a nesting 
period of 24 (SS) or 21 (BS) days. 
'^Treatments differ significantly (P£0.05, z-test). 
^^Consecutive years differ significantly (P£0.05, 
z-test), 
29 
Nestling growth Fire evidently did not attect 
nestling Brewer's sparrow growth; none of the parameters that 
I estimated varied significantly among years or between 
treatments. Three of 4 nestling sage sparrow growth 
parameters varied significantly among years on experimental 
plots, but none varied on controls (Table 5). Moreover, 
treatments never differed significantly from each other. 
Mass and tarsus growth rates increased strongly in the first 
postburn year, then declined somewhat over the next 2 years. 
Tarsus length at 8 days did not change significantly between 
1981 and 1982, but increased significantly in 1983. 
Nest-site selection For nest-site selection data, I 
combined the 2 preburn years and the 3 postburn years because 
there were few variations among years. Before the fire, all 
sage and Brewer's sparrow nests on each treatment were placed 
in big sagebrush plants. After the fire, sparrows on control 
plots continued to use sagebrush, but a few nests on 
experimental plots were placed in or under other substrates 
(green rabbitbrush [1 sage sparrow, 1 Brewer's sparrow], 
horsebrush [Tetradymia canescens, 1 sage sparrow]), or on the 
ground beneath sagebrush plants (1 sage sparrow). For sage 
sparrows (but not for Brewer's sparrows), the shift in nest 
substrate use was nearly significant (3 of 48 postburn 
experimental nests not in sagebrush, 0 of 60 control nests; 
P=0.08, one-tailed Fisher's exact test). 
Table 5. Nestling sage sparrow growth variables (x+SE) on 
control and experimental sites in southeastern 
Idaho. Fire occurred between the 1981 and 1982 
seasons 
Growth variables 1980 1981 
8-day mass (g) 
Control 
Experimental 
8-day tarsus length (cm) 
Control 
Experimental 
-1 r 
Mass growth rate (days ) 
Control 
Experimental 
—1_ c 
Tarsus growth rate (days ) 
Control 
Experimental 
15.1+0.3 
13.9+0.6 
2.40+0.02 
2.33+0^.03 
ABc" 
0.495+0.031 
0.478+0.019 
AB 
0.366+0 .021 
0.353+0.013 
A 
13.6+0.4 
13.7+1.0 
2.32+0.05 
2.28+0.04 
BC 
0.471+0.018 
0.449+0.012 
B 
0.356+0.010 
0.359+0.007 
AB 
N ranges from 1-10 broods for age-8 measurements and 
6-12 broods for growth rates. 
'^Means in the same row sharing the same letter are not 
significantly different (P^O.05, Duncan's multiple 
range test). Absence of letters indicates no significant 
variation. 
^Determined from fitting 
(Ricklefs 1967). 
logistic equation to data 
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1982 1983 1984 
13.4+0.7 
13.3+0.8 
2.28+0.04 
2.24+0.05 
C 
15 .0+0 .3 
14.8+0.2 
2.37+0.03 
2.43+0.02 
A 
14.7 
15.5+1.4 
2.34 
2.36+0.02 
AB 
0.463+0.025 0.529+0.024 0.505+0.017 
0.550+0.036 
C 
0.519+0.014 
AC 
0.469+0.017 
AB 
0.383+0 .026 0.410+0.018 0.363+0.012 
0.409+0.021 
C 
0.396+0.013 
BC 
0.372+0.014 
ABC 
Sage sparrow nest height decreased slightly but 
significantly on control plots after the fire (Table 6) but 
no other nest-site characteristics changed on controls. On 
experimental plots, nest-shrub height and nest height 
decreased significantly after fire; means differed 
significantly between treatments (experimental > control) 
before fire but not after. In the vicinity of nests before 
fire, sagebrush coverage and height were significantly 
greater on experimental plots than on controls. But both 
variables declined significantly on experimental plots after 
fire, and coverage was significantly less on experimental 
plots than on controls. Grass coverage and bare ground 
increased after fire on experimental plots, and postburn bare 
ground was significantly greater on experimental plots than 
on controls. 
For Brewer's sparrows, nest shrub height and nest 
height were significantly greater on experimental plots than 
on controls before fire but not after. The decline in nest 
height on experimental plots was significant. Nest shrub 
foliage density increased significantly on experimental plots 
after fire and was significantly greater there than on 
controls. In the vicinity of nests, sagebrush coverage and 
height on experimental plots declined statistically after 
fire, and postburn coverage was significantly greater on 
control plots than on experimentals. Rabbitbrush and litter 
Table 6. Sparrow nest-site characteristics (x+SE) on control 
and experimental sites in southeastern Idaho 
Sage sparrow® 
Control Experimental 
Variable Preburn Postburn Preburn 
Nest site 
Nest shrub height (cm) 61 + 1^ 60+1 72+2 *c 
Nest shrub foliage 
density 
2+0 2+0 - 2+0 
Nest height (cm) 32+1^ * 29+1 37+1 * 
Vicinity of nest 
Sagebrush coverage (%) 24+2^ 24+1^ 32+3 * 
Sagebrush height (cm) 42+1^ 40+1 51+2 * 
Rabbitbrush 
coverage (%) 
6+1 5+1 5+1 
Grass coverage (%) 7+1 8+1 6+1 * 
Forb coverage (%) 2+0 2+0 3+1 
Litter coverage (%) 6+1 7+1 7+1 
Bare ground (%) 53+2 52+1^ 47+3 * 
®For sage sparrow, N ranges from 23-60; for Brewer's 
sparrow, N ranges from 11-28. 
'^Treatments differ significantly ( P^O .05, t-test) . 
^Preburn differs significantly (P£0.05, t-test) from 
postburn. 
"^Estimated as low (1), medium (2), or high (3). 
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Brewer's sparrow 
Control Experimental 
Postburn Preburn Postburn Preburn Postburn 
61+2 
2+0 
28+2 
18+1 
40+1 
6+1 
10+1 
2+0 
6+0 
b8+2 
62+3" 
2+0 
35+2^ 
33+3 
50+2 
3+1 * 
5+1 
3+1 
6+1 * 
47+2 
67+3 
2+pt 
3 5+2 
27+2^ 
48+2 
8+1^ 
7+1^ 
2+0^ 
9+1 
48+3^ 
73+3 
2+0 
65+3 
3+0 
41+2 * 32+2 
31+3 
56+2 
4+1 
5+1 
4+1 
7+1 
48+3 
16+2 
43+3 
4+1 
12+2 
4+1 
8+1 
59+2 
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coverage increased significantly on controls but not on 
experimental plots after fire, and postburn rabbitbrush 
coverage was significantly greater on controls. Grass 
coverage and bare ground on experimental plots increased 
significantly after burning and, after fire, were 
significantly greater than on controls. Forb coverage did 
not change significantly over time on either treatment but, 
after fire, was significantly greater on experimental plots 
than on controls. 
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DISCUSSION 
Vegetation changes 
The fire-induced vegetation changes that I documented 
are consistent with those reported in other studies tor 
sagebrush rangeland (e.g., Blaisdell 1953, West and Hassan 
1985). Big sagebrush does not resprout after fire, but other 
shrubs (e.g., green rabbitbrush) common on my study area do 
(Wright and Bailey 1982). Most of the grasses that I sampled 
were bunchgrasses. These may be harmed initially by fire 
because their densely packed culms burn for some time after a 
fire passes. However, their production usually returns to or 
exceeds preburn levels within 2-3 years after fire (Blaisdell 
1953). Most forbs are not suppressed by fall burns (Wright 
and Bailey 1982). 
Avian communi ty changes 
A positive relationship between habitat complexity and 
avian diversity (e.g., MacArthur and MacArthur 1961, Roth 
1976) has been documented frequently. Uneven burning on my 
study area resulted in a mosaic of habitats, which was 
reflected in the slight, but consistent, trend for burned 
plots to support more species than controls. Tiagwad et al. 
(1982) noted a similar effect after an incomplete burn in a 
curlleaf mountainmahogany (Cercocarpus ledifolius)- big 
sagebrush community, and Yahner (1984) observed more bird 
species in a mosaic of clear-cut and uncut forest blocks than 
in unaltered forest. Further, Wiens and Rotenberry (1981) 
found a positive relationship between bird species richness 
and structural diversity of habitat in a regional analysis of 
shrubsteppe systems. 
The population responses of individual bird species to 
prescribed burning that I documented concurred little with 
documented habitat affinities of these species. Sage 
sparrows. Brewer's sparrows, and sage thrashers are 
widespread in sagebrush rangeland (Wiens and Rotenberry 1981) 
and have been described as sagebrush obligates (Braun et al. 
1976, Reynolds and Trost 1981). Moreover, sage sparrow 
abundance has been closely linked with sagebrush coverage 
(Rotenberry and Wiens 1978, Wiens and Rotenberry 1981). ïet 
the sage sparrow population on my site responded little, it 
at all, to fire despite a near 50% reduction in sagebrush. 
Similarly, sage thrashers were unaffected by the habitat 
alteration. The decline in the Brewer's sparrow population 
immediately after fire was expected, but the strong recovery 
in the last 2 years of the study was not. 
Emlen (1970), Wiens and Rotenberry (1985), and Wiens et 
al. (1986) have suggested that absence of a short-term 
response to habitat alteration might result from site 
attachments by individual birds that override species-
specific habitat responses. Thus, a population decline would 
not occur until a sizable number of these experienced 
breeders had died. This is unlikely to account for my 
results because fire-attributable declines in sage sparrow 
and sage thrasher populations were not evident even 4 years 
after burning, and Brewer's sparrows had shown a positive 
response by that time. Moreover, because I marked nearly 
every male sage sparrow in 1981-1984, I was able to record 
settlement by new (unmarked) males in successive years. I 
noted no difference between treatments in rates of settlement 
by new birds. Further, I found no evidence that lack of a 
negative response to fire resulted from philopatry in 
individuals raised in fire-altered habitat. Of 55 nestling 
sage and Brewer's sparrows banded immediately before fledging 
on burned plots (1982 and 1983), none returned. It seems 
likely that these species are less specific in their habitat 
requirements than previously believed. Indeed, Beaver 
(1976), McGee (1976), Hill (1980), and Green (1981) recorded 
sage sparrows and/or Brewer's sparrows at low densities in 
fields with little or no sagebrush. The development of 
herbaceous vegetation after fire may have provided cover 
and/or foraging opportunities of sufficient quality and 
quantity to compensate, at least partly, for those afforded 
by sagebrush. 
In sagebrush shrubsteppe systems, western meadowlark 
abundance generally is positively associated with greater 
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grass coverage (wiens and Rotenberry 1981). In my study, 
meadowlarks increased in number slightly after tire, but I 
cannot interpret the decline in the year ot greatest grass 
coverage. Horned larks evidently were attracted by the 
openness and/or reduced vertical structural complexity of 
burned habitat patches (Rotenberry and Wiens 1980a). Vesper 
sparrows colonized burned areas, but not until 3 years after 
burning. Wiens and Rotenberry (1985) documented a similar 
response by vesper sparrows to a herbicide application. 
Because they nest on the ground (Best 1972, Castrale 1982), 
vesper sparrows may require some minimum coverage of 
herbaceous plants. Coverages of grasses and forbs in studies 
where vesper sparrows occurred (e.g.. Best 1972, Castrale 
1982) were similar to or greater than those I found on plots 
with vesper sparrows. 
breeding biology ot  sparrows 
Fire seemingly had little effect on return rates ot sage 
and Brewer's sparrows. If it is assumed that birds not 
returning in subsequent years to breed have died (e.g., 
Mewaldt and King 1985), my results suggest that, in general, 
sparrows breeding on experimental plots incurred no greater 
or lesser annual mortality than those on controls. However, 
because male sage sparrows returned to control plots in 1983 
at somewhat greater rates than to experimental plots, males 
breeding on the burn in 1982 may have been stressed to a 
greater extent than those on controls, resulting in greater 
overwinter mortality. If birds not returning did not die but 
simply chose to settle elsewhere, my data indicate that site-
faithfulness of sparrows generally was not deterred (with the 
possible exception of male sage sparrows in 1983) by habitat 
alteration. 
Variables indexing reproductive success are susceptible 
to change in the face of habitat alteration if there are 
concomitant changes in predator populations or in the quality 
and quantity of cover or food resources. In general, the 
variables that I estimated showed that sage and Brewer's 
sparrows nesting on experimental plots were as productive or 
more productive than those on controls. I do not know why 
sage sparrow nesting success on experimental plots was 
greater than that on controls in the first postburn year. 
Most nest failures probably were attributable to prédation by 
small mammals, especially least chipmunks (Eutamius minimus) 
and Townsend's ground squirrels (Spermophilus townsendii). 
Populations of these rodents may have declined after fire or 
may have remained stable while those on control plots 
increased. McGee (1982) found that total small mammal 
populations, including Uinta ground squirrels (^. armatus), 
declined immediately after an incomplete spring burn in a 
mountain sagebrush community, but ground squirrel numbers 
increased greatly after a complete fall burn. 
Given the effects of burning on nest-site selection, it 
is somewhat surprising that sparrow reproductive success was 
not negatively affected by fire. More than half of the nest-
site and nest-vicinity variables that I measured changed 
significantly after fire; the changes paralleled those that 
occurred in habitat variables measured on the study area in 
general. Some sparrows selected previously unused substrates 
as well. Winter and Best (1985) also documented a shift in 
sage sparrow nest-substrate selection after fire. Elsewhere 
(Petersen and Best 1985a,b), it has been shown that nest-site 
selection by sage and Brewer's sparrows in unaltered habitat 
is quite specific. But the present results indicate 
behavioral plasticity by the sparrows in response to fire, 
seemingly without an accompanying reduction in fitness. 
Fire likely caused changes in foods available to these 
sparrows. Winter (1984) documented substantial differences 
between the arthropod communities occupying burned and 
unburned habitat patches on a nearby site after a similar 
fire. But neither taxonomic composition nor size of foods 
delivered to nestlings was significantly influenced by fire 
on my study area (Petersen and Best, in press). Thus, it is 
not surprising that nestling Brewer's sparrow growth 
variables did not change after fire. It is not clear, 
however, why sage sparrow nestlings grew significantly faster 
1 year after fire and had increased tarsal lengths 2 years 
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after. These increases could have resulted from increased 
rates of food delivery by adults. 
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MANAGEMENT IMPLICATIONS 
Wright (1904) and Wright and Bailey (1982) estimated 
that, historically, fires in eastern Idaho may have occurred 
as infrequently as once every 50-100 years. Yet despite the 
relatively rare occurrence of fire, the nongame bird 
community evidently is resilient to this disturbance. None of 
the species present before burning in my study was eliminated 
by fire, and 2 new species were attracted to burned areas. 
Further, only the Brewer's sparrow population declined in 
response to fire, and the effect was neither severe nor long-
lived. Additionally, fire had no clearly discernible 
negative effects on the breeding biology of the 2 dominant 
species. Thus, birds occupying burned habitat were not 
stressed relative to those in unaltered areas. 
My study evaluated the effects of an incomplete burn. 
More intense tires would remove more sagebrush and possibly 
would alter avian community composition more. Populations of 
species typical of sagebrush habitat likely would be stressed 
and/or would decline demonstrably. Rotenberry and Wiens 
(1978) recorded a rather sharp decline in sage sparrow 
numbers after an 88% removal of sagebrush by fire. Pyrah and 
Jorgensen (unpubl. rep., Montana Dept. Fish and Game, Fed. 
Aid Proj. W-105-R9, 1974) and Schroeder and Sturges (1975) 
found that Brewer's sparrows were virtually eliminated within 
2-5 years after a total kill of sagebrush by 2,4-D. Sage 
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sparrows, Brewer's sparrows, and sage thrashers were common 
on native sagebrush-grassland but rare or absent on adjacent, 
reclaimed strip mines (Krementz and Sauer 1982) and crested 
wheatgrass (Aqropyron cristatum) plantings (Reynolds and 
Trost 1981) devoid of sagebrush. 
Given these considerations, prescribed burning of 
sagebrush rangeland should be directed at moderate (40-50%) 
removal of sagebrush when managing for nongame birds. 
Burning narrow strips or small blocks of range (see also 
Castrale 1982) would provide excellent interspersion of 
habitat types; moreover, such management would stimulate 
production of palatable forage for livestock. A mosaic burn, 
such as that I studied, also would provide considerable edge, 
be aesthetically pleasing, and possibly be logistically and 
economically more feasible than strip or small-block burns, 
provided that fire behavior could be predicted reliably. 
Brown (1982) used fuel characteristics to model some aspects 
of fire behavior in big sagebrush and documented reasonably 
good agreement between predicted and actual rate of fire 
spread on 3 prescribed burns. 
Effects of fires should be monitored annually on control 
and burned sites before burning as well as for several years 
after. Because shrubsteppe bird populations often fluctuate 
seemingly randomly from year to year even in the absence of 
habitat alteration (Rotenberry and Wiens 1980b), data from 
control sites are crucial in distinguishing treatment effects 
from random "noise." Moreover, as I have shown, some effects 
may not persist or may not be evident until several years 
after fire. Avian communities might be expected to fluctuate 
in composition and abundance for many years after treatment 
as components of the developing plant community change. 
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SECTION II. TERRITORY DYNAMICS IN A SPARROW POPULATION: 
ARE SHIFTS IN SITE USE ADAPTIVE? 
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ABSTRACT 
In 1981-1985, I studied territory dynamics in a 
southeastern Idaho sage sparrow (Amphispiza belli) population 
to evaluate the hypothesis that territory shifts represent 
adaptive adjustments in site use. I predicted that shifts 
should (1) result in changes in territory characteristics, 
(2) be influenced by previous reproductive success and result 
in greater success, and (3) decline in magnitude for 
individual males over time. Habitat features of territories 
changed little as a result of shifts, but territory size 
increased. Correspondingly, habitat features of territories 
were unrelated to reproductive success, whereas territory 
size was positively related. The magnitude of territory 
shifts was negatively correlated with preshift fledging 
success, and after shifts, males experienced greater average 
reproductive success than before. Successive territory 
shifts by individual males became progressively smaller. 
Thus, territory shifting by sage sparrows seems to be 
adaptive behavior aimed primarily at increasing territory 
size. The moderate magnitude of shifts I observed may 
reflect a compromise between the advantages of shifting and 
the advantages of site fidelity. 
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INTRODUCTION 
Since Howard's (1920) classic work on territoriality in 
birds, territorial behavior has been described and studied in 
many other vertebrates (references in Brown and Orians 1970) 
and in numerous invertebrates (e.g., Fitzpatrick and 
Wellington 1983). The advantages of holding a territory must 
be great for natural selection to have favored its evolution 
in such a diverse array of animals. Because the territory is 
exclusive and because many territorial animals conduct most 
of their activities within it, the territory must contain 
many or all of the requisites for survival and reproduction. 
Thus, natural selection should favor the ability to assess 
habitat quality when the territory site is selected. Some 
models for the evolution of polygyny are based on this 
premise (e.g., orians 1969), and many studies have 
demonstrated that habitat choices at the territory level are 
adaptive (e.g., Krebs 1971, Kitchen 1974, Newton and Marquiss 
1976, Whitham 1986). Additionally, the ability to choose the 
size of territory that will ensure an adequate supply of life 
requisites while minimizing the costs of territory defense 
and maintenance should be favored (Brown 1964). 
When animals attempt to establish territories for the 
first time, intense, interference competition with 
conspecifics that already occupy territories may restrict 
them to unoccupied sites of inferior quality (Fretwell and 
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Lucas 1969). In fact, evidence is accumulating that 
territory-site selection frequently is limited initially to 
less-preferred habitat or to randomly occurring "holes" in 
densely populated areas (e.g., Tompa 1964, Krebs 1971, Sale 
1978, Brooke 1979, Baeyens 1981, Reese and Kadlec 1985). If 
natural selection has favored the ability to make adaptive 
choices of territory size and habitat, territorial 
individuals should, over time, attempt to improve on an 
initial choice, particularly if it was restricted to a poor 
site. Numerous studies have documented shifts in location 
and size of territories by marked individuals (e.g., Uhondt 
and Huble 1968, Best 1977, Wells 1977, Brooke 1979, Baeyens 
1981, Newton and Marquiss 1982, Bartels 1984, Bedard and 
LaPointe 1984a, Harvey et al. 1984), and these authors 
speculated that such shifts represented attempts by the 
territory holders to encompass more desirable habitat within 
the territory. However, only limited effort has been made to 
quantify territory shifts and to evaluate the consequences of 
such shitts. 
The hypothesis that territory shifts are adaptive 
refinements in site use gives rise to several testable 
predictions: 
1. Postshift territory size and/or habitat 
characteristics should be different from those of preshift 
territories. Such differences have been documented for great 
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tits (Parus major, Dhondt and Huble 1968), field sparrows 
(Spizella pusilla, Best 1977), green frogs (Rana clamitans. 
Wells 1977), black-billed magpies (Pica pica, Baeyens 1981), 
willow ptarmigan (Laqopus lagopus, Hannon 1983), and aphids 
(Pemphigus betae, Whitham 1986). 
2. If territory shifts are adaptive, they should result 
in greater fitness. This prediction can be tested in 2 ways. 
The first involves an indirect assessment of fitness and 
assumes that if territory characteristics are associated with 
fitness (reproductive success) and can be shown to be the 
objects of shifts, then the shifts can be said to be 
adaptive. For example, if vegetation height is correlated 
with reproductive success, then territory shifts should be 
directed toward sites with greater vegetation height. Wells 
(1977) was able to correlate habitat features with the number 
of egg masses laid by green frogs and found that when males 
shifted calling sites, the shifts usually were to better-
quality sites. A more direct test of this prediction entails 
comparing reproductive success of territory holders before 
shifts with that of the same individuals after shifts. 
Effects of territory shifts on reproductive success could be 
distinguished from those of age and experience by documenting 
productivity in successive years for individuals not shifting 
territories as well as for those shifting. Baeyens (1981) 
found that magpies nesting unsuccessfully in less-preferred 
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areas had a greater probability of breeding successfully the 
next season it they moved to more preferred areas. However, 
Newton and Marquiss (1982) reported no increase in success of 
sparrowhawks (Accipiter nisus) after shifts. 
A corollary to the prediction that territory shifts 
should result in greater fitness is that shifts should be 
related to previous reproductive success. Several 
investigators have documented a negative relationship between 
nesting success in birds and distance moved to a subsequent 
breeding site (e.g., Newton and Marquiss 1982, Shields 1984, 
Graves et al. 1986). 
3. If the preferred territory size or habitat is 
attained through territory shifts, successive shifts by 
individual territory holders should become progressively 
smaller. Greenwood and Harvey (1976), Newton and Marquiss 
(1982), and Harvey et al. (1984) documented age-related 
declines in distances moved between successive years for the 
species they studied. 
During a 5-year study of a marked population of sage 
sparrows (Amphispiza belli), I sought to evaluate the 
hypothesis that territory shifts are adaptive adjustments in 
site use by attempting to verify the resulting predictions. 
Several aspects of sage sparrow territoriality have been 
studied previously (Tuckfield 1979, Rich 1980, Wiens et al. 
1985), but territory dynamics have not. The present study 
56 
contributes to our understanding ot the adaptive significance 
of a common behavior. 
STUDY AREA AND METHODS 
The study area was located 11 km south of Howe, Butte 
County, Idaho, and lies at an elevation of about 1500 m on 
the upper Snake River plain. Annual precipitation averages 
21 cm, and mean annual temperature is about 6®C (Anderson and 
Holte 1981). Big sagebrush (Artemisia tridentata) dominated 
the vegetation; green rabbitbrush (Chrysothamnus 
viscidiflorus) also was a common shrub. Predominant grasses 
were bluebunch wheatgrass (Elytrigia spicata), Indian rice 
grass (Qryzopsis hymenoides), and bottlebrush squirreltail 
(Elymus elymoides). Forbs were sparse, and much of the 
ground was bare. In conjunction with a fire ecology study 
(Section I), tour 6.25-ha plots were selected and gridded 
throughout at 25-m intervals with steel stakes affixed with 
colored, plastic flagging. Two plots were partly (45%) 
burned in October 1981, but fire had little discernible 
effect on sage sparrow population density or breeding biology 
(Section 1). 
I captured and banded nearly every male sage sparrow on 
each plot in 1981-1984. Birds were lured into mist nets with 
recordings of conspecific songs or were flushed into nets 
placed near active nests or at other locations in the 
territories. Each bird was affixed with a unique combination 
of colored, plastic leg bands. Because of the strong adult 
site fidelity in sage sparrows, unmarked males appearing 
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after 1981 likely were yearlings (see also Best 1977, Knapton 
1979, Carey 1982, Bedard and LaPointe 1984a, Mewaldt and King 
198b) or, at least, were inexperienced on the site. 
All territories were carefully mapped in May and June 
1981-1984 and lU-19 June 1985 (by two researchers in 1981, 
1982, and 1985) by using an intensified version of the 
"flush" technique (Wiens 1969). Individual males often were 
flushed as many as 50 times over the course of several days. 
Occasional observations of aggressive interactions among 
neighboring males aided in delineating boundaries. In 1981-
1984, each plot was visited 2-3 times weekly for 3-4 hours at 
a time (usually 06;00-10:U0), and in 1985, each plot was 
visited every other day for 4-5 hours (usually 06:00-10:00 
and 19:00-20:00). I was confident of the accuracy of most 
territory boundaries to within a few meters, and territories 
with partly undetermined boundaries were excluded from the 
analysis of shifts. Territory size was determined by using 
planimetry. Between-year territory shifts were measured by 
calculating the proportion of the postshift territory not 
encompassed by the preshift territory. In only 2 instances 
was a postshift territory not encompassed at least partly by 
the preshift territory. 
Mating status of males was determined by noting nest 
locations relative to territory boundaries and by recording 
instances in which a male was seen in its territory 
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consorting with a conspecific or carrying tood. Also, 
unmated males sang frequently and consistently throughout the 
breeding season, whereas mated males sang less frequently 
(Best and Petersen 1982). Further, before nest initiation, 
mated males rarely were observed without the mate close by. 
In 1981-1984, nests were located by using a rope-drag 
technique (Petersen and Best 1985) and by thoroughly 
traversing territories of males known to be mated. Some 
nests were discovered by observing adults building them or 
feeding young. Active nests were visited at 1- or 2-day 
intervals to determine outcome, and nesting success was 
calculated on the basis of exposure (Mayfield 1975). 
Although 1 did not find all nests, each year there were 
several territories for which I had complete nesting records. 
I determined that records were complete for a given territory 
by noting the earliest and latest nest initiation dates each 
year and then by noting the days over which nests I 
discovered in that territory were active. Additionally, the 
number of successful nesting attempts (those producing at 
least 1 fledgling) in a given territory occasionally could be 
determined even it some of the nests were not located. This 
was accomplished by observing adult behavioral cues (e.g., 
alarm calls, carrying food) or by inferring the absence of a 
successful nest when the time interval between known nesting 
attempts was too short for a successful attempt to have 
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occurred. 
Vegetation was measured in June each year by using 
20x5U-cm quadrats (Daubenmire 1959). Each year, 1-4 samples 
were taken 2.5 or 5 m from each grid marker (in different 
locations each year); percent coverage of sagebrush, 
rabbitbrush, grasses, litter, and bare ground were estimated. 
Additionally, height of all sagebrush plants occurring within 
quadrats was recorded, and the condition of each shrub was 
recorded as dead (1), 25% living (2), 50% living (3), 75% 
living (4), or 100% living (5). In 1981-1984, dispersion of 
sagebrush plants was estimated at 50-m grid intervals on each 
plot. Distance between adjacent shrubs was recorded along a 
tape extending 5 m from each sampling point in the 4 cardinal 
directions. For each sampling locus, the coefficient of 
variation of intershrub distances was used as an index of 
dispersion; the greater the index, the more clumped the 
shrubs. I averaged the data for each grid marker and 
superimposed territory maps on the vegetation sampling 
scheme. I then averaged the data for each territory and used 
a territory as an observational unit in the analysis. For 
territories overlapping plot boundaries, I assumed that the 
portion of the territory lying within the plot was 
representative of the entire territory. 
Analysis of the consequences of territory shifts 
consisted of comparing values (territory characteristics and 
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reproductive success) for preshift territories with those for 
territories held by the same males the next year. For 
analyses in which all shifts were considered simultaneously, 
data for males which spent more than 2 breeding seasons on 
the study area were averaged so that each male contributed 
only 2 observations (1 preshift, 1 postshift) to a given 
analysis. Separate analyses of first, second, and third 
shifts also were conducted. Because of the substantial 
habitat changes occurring as a result of fire, territory 
shifts between 1981 and 1982 on burned plots were excluded 
from the analysis of changes in territory habitat 
characteristics resulting from shifts. 
Analysis of the relationships between habitat 
characteristics within territories and reproductive success 
comprised (1) t-tests comparing territories of mated males 
with those of unmated males, (2) analysis of variance among 
territories having 0, 1, or 2 successful nests, and (3) 
Pearson product-moment correlational analysis. Territories 
of unmated males were excluded from the latter two. 
Sample sizes vary among some analyses because different 
amounts of information were available for different 
territories. For example, mating success could be determined 
for nearly every territory, whereas the number of fledglings 
produced was known for relatively few. For parametric 
statistical analyses in which underlying assumptions were 
b 2  
violated, values were log- or arcsine- (for percentage data) 
transformed betore tests of significance were performed. 
Statistical significance was set at P£0.05, and means are 
reported plus or minus one standard error. 
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RESULTS 
General sage sparrow breeding biology 
The sage sparrow is a common migratory rangeland species 
breeding throughout much of the Great Basin region of the 
western U. S. (Wiens and Rotenberry 1981). On my study area, 
population densities averaged approximately lUO territorial 
males km ^. In southeastern Idaho, males typically arrive on 
the breeding grounds in March, although nesting usually does 
not begin until early May. Rich (1980) reported that most 
females arrive concurrently with males, but I noted several 
instances of female arrival after territory establishment. 
Once established, territory boundaries are defended 
vigorously against conspecific males and remain fixed 
throughout the breeding season. Territories on my study area 
were contiguous. Males confined virtually all activities 
(except for occasional foraging bouts) within the territory 
(Winter 1984). 
Sage sparrows are monogamous, and most pairs attempt 2 
nests (occasionally 3) each year. I have recorded no 
instances of natal area fidelity, but the fidelity of adults 
to their former breeding area is strong. On the average, 
about 55% of the males present on my study area in a given 
year returned the next. Returning individuals established a 
territory that nearly always encompassed part of the previous 
year's territory but which had shifted in location and/or 
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size (Fig. 1). The proportion of the postshift territory not 
encompassed by the preshift territory averaged 43+3% (N=77) 
and ranged from 3% to 100%. 
Changes in territory characteristics as a result of shifts 
Territory shifts resulted in little change in habitat 
characteristics within territories (Table 1). None of the 
variables describing sagebrush, the major component of the 
vegetation, changed significantly. Rabbitbrush coverage was 
greater in postshift than in preshift territories and bare 
ground was slightly less. Subsets of the data were further 
analyzed to evaluate separately the results of first, second, 
and third territory shifts by individual males. Neither 
first nor second shifts resulted in changed habitat 
characteristics within territories. For third shifts, 
postshift territories had greater grass coverage than 
preshift territories (preshift: 8.0+0.8 %; postshift: 
10.5+1.2 %; N=6; paired t=2.73). To evaluate the possibility 
that only relatively large territory shifts would result in 
substantial changes in habitat composition, I repeated the 
analysis using only shifts greater than 50% (N=22). None of 
the habitat features within territories changed significantly 
as a result of large shifts. 
After shifts, territories were, on the average, 
significantly larger than before (preshift: 0.94+0.05 ha; 
Figure 1.* An example of sage sparrow territory shifts on one 
study plot in successive years. Each male that 
returned to the plot in 1983 is identified with its 
Fish and Wildlife Service band number. All males 
were banded 
1982 
808 
868 
50 m 
1983 
808 
868 
a\ 
<j\ 
67 
Table 1. Habitat characteristics (x+SE, N=44) of 
preshift and postshift territories of male 
sage sparrows 
Variable Preshift Postshift 
Sagebrush coverage (%) 19 .1+1 .0 18 .7+0 .9 
Sagebrush height (cm) 41 .1+0 .8 40 .9+0 .6 
Sagebrush condition^ 3 .3+0 .1 3 .3+0 .1 
Sagebrush dispersion (%)'^ 75 .7+1 .6 77 .3+1 .1 
Rabbitbrush coverage (%) 4 .9+0 .3 6 .0+0 .5 
Grass coverage {%) 9 .2+0 .8 9 .6+0 .7 
Litter coverage (%) 7 .4+0 .4 7 .7+0 .5 
Bare ground (%) 55 .4+1 .3 * 52 .7+1 .4 
Evaluated as dead (1), 25% living (2), 50% living 
(3), 75% living (4), or 100% living (b) for each shrub 
sampled. 
^Coefficient of variation of intershrub distances. 
^Postshift differs from preshift (P£0.05, 
paired t-test). 
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postshitt; 1.09+0.U4 ha; N=44; paired t=2.90). When first, 
second, and third shifts were analyzed separately, territory 
size increased significantly after first shifts (preshift: 
0.88+0.08 ha; postshift: 1.11+0.07 ha; N=35; paired t=3.82) 
but did not after second or third shifts. 
Territory characteristics associated with reproductive 
success 
Habitat characteristics at the territory level were poor 
predictors of reproductive success. None of the variables I 
measured was associated with mating success, the number of 
successful nests in a territory, or the number of fledglings 
produced in a territory. By contrast, territory size was 
positively related to reproductive success. Mated males 
defended significantly larger territories than unmated males 
(mated; 0.94+0.03 ha, N=94; unmated: 0.79+0.10 ha, N=15; 
t=2.07). Also, territories with 2 successful nests were 
larger than those with 0 or 1 (0; 0.92+0.07, N=9; 1: 
0.86+0.08, N=21; 2; 1.12+0.08, N=19; ANOVA; Fl2, 46]=3.13), 
and territory size was significantly positively correlated 
(r=0.38, df=40) with the number of fledglings produced in the 
territory (Fig. 2). 
Figure 2. The relationship between sage sparrow territory 
size and the number of fledglings produced in the 
territory. Territories of unmated males were 
excluded from this analysis 
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Relationships between reproductive success and subsequent 
shifts 
Previous mating success had no influence on the 
magnitude of a subsequent territory shift. Seven unmated 
males shitted 45+5%, and 69 mated males 42+3%; the difference 
was not significant. Males having 2 successful nests in 
their territories tended to shift less than those having 0 or 
1 (0; 43+5%, N=4; 1; 51+7%, N=ll; 2: 31+5%, N=ll), but 
variation among the 3 means only approached significance 
(ANOVA: Fl2, 23]=2.84, P=0.08). The total number of 
fledglings produced in a territory was significantly 
negatively correlated (r=-0.37, dt=20, one-tailed test) with 
the magnitude of the subsequent territory shift (Fig. 3). 
These two variables also were negatively correlated after the 
effects of age had been partialled out (r=-0.36, df=18, 
P=0.07), but the relationship only approached statistical 
significance. 
Reproductive consequences of territory shifts 
Reproductive success of males after they shifted their 
territories clearly was greater than that of the same males 
before the shift (Table 2). Some males breeding on the study 
area for the first time did not acquire a mate. But after 
these males shifted their territories in the subsequent 
season, none remained unmated. For males mating 
successfully, the number of successful nests in the territory 
Figure 3. The relationship between the number of fledglings 
produced in a sage sparrow territory one year and 
the magnitude of the subsequent territory shift. 
Territories of unmated males were excluded from 
this analysis 
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Table 2. Comparison of preshift with postshift sage 
sparrow territories with respect to four measures 
ot reproductive success 
Measure of 
reproductive success 
Mating success (percentage 
of males mated; N=50 
males) 
Number of successful nests 
(x+SE, N=7 males) 
Daily survival probability 
of nests (+SE, N=22 
males) 
Number of fledglings 
(x+SE, N=7 males)^ 
Preshift Postshift 
88 100 
0.71+0.19 1.43+0.30 
0.952+0.012 
(31%) 
0.976+0.008 
(56%)C 
1.43+0.57 2.86+0.83 
^Territories of unmated males were excluded from this 
analysis. 
^Calculated from exposure (Mayfield 1975); standard 
errors and significance test calculated according to 
Johnson (1979) and Hensler and Nichols (1981). 
^Estimated nest success based on a nesting period of 24 
days. 
Test 
statistic P 
X^=6.38 0.01 
Paired t=2.50 0.02 
2=1.65 0.05 
Paired t=2.71 0.02 
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and the number of fledglings produced in the territory 
increased two-told after the territory shift. Finally, the 
daily survival probability of nests was significantly greater 
in postshift than in preshift territories. Small sample 
sizes precluded separate analyses of first, second, and third 
territory shifts. 
Magnitude of successive territory shifts 
The prediction that successive territory shifts should 
decline in magnitude was verified. Thirty-five first 
territory shifts averaged 49+4%, 15 second shifts 34+6%, and 
6 third shifts 22+5%; the variation among the means was 
significant (ANOVA; F12, 53]=6.12). Additionally, the 
complete territory shift histories of individual males that 
bred on the site at least 3 years showed a clear trend of 
declining magnitude of shift with experience (Fig. 4). In 
only 2 instances was a second shift greater than the first 
shift by the same male, and only once was a third shift 
greater than the second. For none of the males was a third 
shift greater than the first. 
Figure 4. Shift histories of individual male sage sparrows 
that occupied the study site for at least 3 
consecutive years. Each line represents 1 male. 
For each male, the first shift occurred after the 
first year of occupancy on the site 
78 
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DISCUSSION 
Changes in territory characteristics 
The lack of substantial change in habitat features 
within territories as a result of shifts suggests that 
acquisition of different habitat was not a "goal" of shifts. 
Sagebrush shrubsteppe communities can be relatively 
homogeneous in structure over large areas and, at a scale of 
a few hectares, one patch of habitat evidently is little more 
attractive to sage sparrows than another. Some components of 
the vegetation (e.g., grass, rabbitbrush) varied 
significantly among years on the study area in general 
(Section I), and differences between postshift and preshitt 
territories with respect to these features may simply reflect 
this annual variation. Moreover, shifts likely would not be 
directed toward these habitat features if, at the time of 
territory establishment, sage sparrows are unable to predict 
their subsequent levels. 
Because habitat features at the territory level clearly 
did not influence reproductive success, the absence of 
substantial, shift-related change in habitat is not 
surprising. Evidently, there is little selective pressure to 
favor Sage Sparrow response to habitat at the scale of 
individual territories. Other investigators also have had 
limited success in relating territory habitat characteristics 
to reproductive success (e.g., Wittenberger 1980, Bedard and 
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LaPointe 1984b, Best and Rodenhouse 1984), although some have 
been successful (e.g.. Wells 1977, Lenington 1980). 
Territory food supply has been shown to be correlated with 
reproductive success (e.g., Hogstedt 1981, Conner et al. 
1986), and I cannot rule out the possibility that sage 
sparrows selected and shifted territories in response to 
spatial variation in food quality and quantity independently 
of habitat features. Such variation in food independent of 
spatial variation in habitat features seems unlikely, 
however. 
The tendency of males to increase territory size through 
shifts seems to be adaptive because territory size was 
positively related to mating success and the number of 
fledglings produced in the territory. Zimmerman (1966), van 
den Assem (1967), Price (1984), and others also documented 
territory size-dependent mating success, and Price suggested 
that territory size may be an indicator of male quality. The 
latter is particularly likely if there is little 
interterritorial variation in resources from which females 
may choose. 
The relationship between territory size and fledgling 
production lends itself to at least two interpretations. (1) 
By defending a larger territory, the holder may gain access 
to more of the defended resource. Petrie (1984) found a 
positive correlation between territory size and an estimate 
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of the number of potential nest sites in the territory, and 
he stressed the importance of this relationship tor a 
multiple-brooded species in which each nest is placed in a 
different location. Tuckfield (1979) documented a positive 
relationship between sage sparrow territory size and food 
density, a trend opposite to that predicted by most models of 
optimal territory size (but see Ebersole 1980). In dense 
populations, territory holders may be forced to defend areas 
less than the size needed to supply sufficient food (Hixon 
1980). winter's (1984) observations of extraterritorial 
foraging by sage sparrows suggest this may be the case for 
this species. These individuals would be expected to expand 
the territory, when possible, to gain additional food. 
(2) Territory holders defending larger territories may 
reduce the probability of prédation because territories are 
spaced farther apart. Density-dependent nest prédation has 
been documented in a variety of birds (e.g., Krebs 1971, 
Goransson et al. 1975, Dunn 1977, Page et al. 1983; but see 
Gottfried 1978, Zimmerman 1984), and Knapton (1979) suggested 
that territoriality in clay-colored sparrows (Spizella 
pallida) evolved as a predator-buffer mechanism. Despite the 
potential benefits of increased territory size, at some point 
the costs to the territory holder of monitoring and defending 
a large area would outweigh the benefits, and natural 
selection would oppose further increase in territory size 
82 
(Brown 1964). 
Territory shifts and reproductive success 
Strong evidence that territory shifts are adaptive is 
provided when shifts are influenced by preshift reproductive 
success and are shown to result in greater success. Although 
several studies have shown an effect of nesting success on 
distance moved to the next breeding location, to. my 
knowledge, only Baeyens (1981) and Newton and Marquiss (1982) 
directly measured the reproductive consequences of such 
shifts. Moreover, only Baeyens found the expected result. 
My results demonstrate a tendency for shifts to be influenced 
by preshift reproductive output and for increased success 
after shifts. But such increases in reproductive success 
also are consistent with the hypothesis that success 
increases with age and experience, irrespective of territory 
shifts. Many studies of birds have demonstrated a positive 
relationship between age and reproductive output (e.g., 
DeSteven 1978, Middleton 1979, Ross 1980), although some have 
found no relationship (Hannon and Smith 1984, Bedard and 
LaPointe 1985, Blancher and Robertson 1985) . 
Distinguishing between territory-shift and age-related 
effects can be achieved by measuring reproductive success 
(among individuals of equal age) in successive years for 
individuals not shifting as well as for those shifting their 
territories. However, all males shifted territories in the 
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sage sparrow population I studied. But the negative partial 
correlation between fledgling production and magnitude of the 
subsequent territory shift suggests that the link between 
territory shifts and reproductive success is not confounded 
by age effects. Moreover, the enhanced reproductive success 
seemed to be achieved through increased territory size. It 
seems more likely that males are adapted to defend a certain 
territory size than that they learn to defend larger 
territories as they age. 
Territory maintenance and constraints on shifts 
Some territorial animals might acquire large territories 
and (or) favorable habitat when settling for the first time 
and subsequently shift very little. Others initially may 
obtain poor territories and require one or more relatively 
large shifts to gain a suitable territory. As the preferred 
territory size or habitat is attained through shifts, 
subsequent shifts lessen in magnitude (Fig. 4) or become 
unnecessary altogether. The problem thereafter is to 
maintain the territory in the face of attempts by neighboring 
individuals to shift their territories. 
An individual may be able to maintain its territory at a 
given site in one of several ways. (1) Body size is often 
related to dominance (e.g., F'retwell 1969, Kodric-Brown 
1978), and the territory holder may be larger than its 
neighbors. (2) Occupancy of a site may be a simple criterion 
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which determines site dominance. Davies (1978) found that in 
territorial encounters between male speckled wood butterflies 
(Pararqe aeqeria), the resident always retained ownership. 
Even it the original territory owner was removed only 
momentarily and then released, he failed to regain his 
territory if it had been usurped by another male. (3) 
Familiarity with an area, through ownership, may increase its 
value to the holder. DeBoer and Heuts (1973) found that fish 
in a familiar environment were dominant to those unfamiliar 
with the environment. Davies (1976) showed that territorial 
pied wagtails (Motacilla alba) had knowledge of the most 
profitable food patches in their territories. Intruders 
lacked familiarity with the territory and fed in it at lower 
rates than territory holders. Thus, the greater value of a 
site to its owner may make him more likely to fight to retain 
his holding. 
If experienced individuals tend to maintain the size and 
location of their territories, shifts by other individuals 
should most often be directed toward areas that have been 
vacated. This seemed to be the case for sage sparrows. I 
divided the preshift territory boundary of each male into a 
portion which subsequently was extended into a new area and a 
portion which was not. Of the former, an average of 34+5% was 
shared with males that subsequently returned. But the 
percentage of the latter shared with subsequently returning 
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males (56+4) was significantly greater (paired t=4,30, dr=41). 
It is in dense populations that settling individuals are 
most likely to be restricted to small territories of 
unfavorable habitat (e.g., Kluyver and Tinbergen 1953, Krebs 
1971), and consequently, in such settings territory shifts are 
most expected to occur. Yet it is in dense populations that 
opposition to shifts by established individuals likely will be 
most intense because most territory holders will have many 
close neighbors. Indeed, magnitude of shifts by sage sparrows 
was negatively correlated with the number of neighbor 
territories abutting the newly positioned territory (r=-0.30, 
dt=44). 
Bartels (1984) and Finck (1984) provided evidence that 
extraterritorial forays may be a mechanism for assessing the 
quality and occupancy of other sites, thereby facilitating a 
shift whenever an opening occurs. Sage sparrows, whose 
territory shifts are relatively moderate, could conceivably 
assess neighboring territories without making extraterritorial 
forays (see also Baeyens 1981, Newton and Marquiss 1982). 
However, sage sparrows do occasionally cross territory 
boundaries to forage (Winter 1984) and may then assess 
different areas. 
In addition to opposition from established individuals, 
another factor constraining territory shifts may be the 
territory holder's own tendency to remain on a familiar site. 
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Strong site fidelity has been documented in many animals, and 
it likely evolved because of the advantages of site 
familiarity (Hinde 1956). Site familiarity could afford 
increased foraging efficiency (Davies 1976) and (or) greater 
ability to avoid predators or other mortality factors. Thus, 
the advantages of shifting the territory would be 
counterbalanced by those of remaining on a familiar area (see 
also Best 1977, Bedard and LaPointe 1984a). A strategy 
consisting of shifting the territory a moderate amount while 
retaining some of the former territory (as sage sparrows do) 
may reflect an evolutionary compromise. 
Conclusion 
My results are consistent with the hypothesis that 
territory shifts by sage sparrows represent adaptive 
adjustments in territory-site selection. Shifts resulted in 
greater territory size, although habitat characteristics did 
not change substantially. Reproductive output was negatively 
related to subsequent territory shifts, and reproductive 
success after shifts was greater than before. Finally, 
successive shifts by individual males declined in magnitude. 
Given the importance of territoriality and the common 
occurrence of territory shifts, similar patterns likely can be 
found in a variety of animals. 
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SUMMARY 
In 1980-1985, I documented the responses ot nongame 
birds to a prescribed fire (2 years preburn and 4 years 
postburn) in an Idaho sagebrush community. Additionally, I 
tested the hypothesis that territory shifts by sage sparrows 
represented adaptive adjustments in site use. 
The burn was incomplete (45%) but altered major 
components of the vegetation. Burned plots supported 1 more 
species than controls, and although total bird densities 
declined the year after fire, they were greater on burned 
plots than on controls by the fourth postburn year. Sage 
sparrow numbers were unaffected by fire; Brewer's sparrow 
numbers declined in the 2 breeding seasons immediately after 
fire but increased dramatically thereafter. Sage thrashers 
showed no response to fire, and western meadowlarks increased 
slightly. Horned larks and vesper sparrows colonized burned 
areas. Return rate of male sage sparrows was somewhat 
reduced 2 years after tire, nest survival probability was 
greater on burned plots than on controls the first year after 
fire, and nestling growth rate increased the first year 
postburn. Sage sparrow mating success, clutch size, and 
fledgling production were not influenced by tire. Brewer's 
sparrow return rate, mating success, clutch size, nest 
survival probability, fledgling production, and nestling 
growth were unaffected by fire. Burning altered nest-site 
characteristics of both sparrows. For nongame bird 
management in sagebrush, I recommend moderate, mosaic-pattern 
burns and long-term monitoring of controls as well as treated 
sites. 
I predicted that territory shifts by sage sparrows 
should (1) result in changes in territory characteristics, 
(2) be influenced by previous reproductive success and result 
in greater success, and (3) decline in magnitude tor 
individual males over time. Habitat features of territories 
changed little as a result of shifts, but were unrelated to 
reproductive success. Territory size increased after shifts, 
and was positively related to reproductive success. The 
magnitude of territory shifts was negatively correlated with 
preshift fledging success, and after shifts, males 
experienced greater reproductive success than before. 
Successive territory shifts by individual males became 
progressively smaller. Thus, territory shifting by sage 
sparrows seems to be adaptive behavior aimed primarily at 
increasing territory size. 
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